Abstract: Poly(divinylbenzene) microspheres were prepared by seed swelling polymerization of divinylbenzene in the presence of tung oil methyl esters, linseed oil methyl esters and soybean oil methyl esters, respectively. FTIR spectroscopy was used to characterize the polymers for investigating the reactivity of the three plant oil methyl esters. Results showed that tung oil methyl esters had strongest reactivity with divinylbenzene, and soybean oil methyl esters had weakest reactivity of the three oil methyl esters in the polymerization. These results were related with the fatty acid compositions of the oils.
Introduction
Recently, there is a growing interest to produce polymeric materials from biological oils [1] . For example, Larock and coworkers have successfully prepared some bioplastics from soybean [2, 3] , tung [4] , and corn [5] oils by cationic copolymerization with varying amounts of styrene and divinylbenzene (DVB). Some useful bioplastics have also been prepared from tung [6] and linseed oil [7] by thermal copolymerization. Crosslinked biological polyesters have been obtained by the free radical polymerization of soybean oil acids [8] and linseed oil [9] . These natural oil materials have a very bright future with exploring their new uses in various industrial applications. Although synthetic polymeric materials from biological oils by various polymerization methods have been widely investigated, there was considerable disagreement regarding the reactivity of different plant oils and their derivatives in polymerization with vinyl monomers.
Many investigators have published results of studies of free radical polymerization of styrene in the presence of plant oils and their derivatives [10] . Representatively, Harrison and Tolberg [10] determined the effect of each of several different fatty esters on the polymerization of styrene. Then they reached the following conclusions. a) The fatty esters which had conjugated unsaturation could copolymerize with styrene. b) The non-conjugated polyene fatty esters behaved chiefly as chain modifiers and reduced the molecular weight of the polymer. They did not do this through chain transfer, but largely by a chain termination process. c) The saturated and mono-unsaturated esters behaved in a neutral fashion, serving as solvents for the monomer and polymer. In their study the unreacted monomers and solvents, including saturated fatty esters, were got rid of by wash and extraction after the copolymerization of styrene and fatty esters. Then the reaction products were characterized for determining the content of styrene and fatty esters. But the low molecular polymer in the products might be washed off in the process of wash and extraction, which might lead to a distorted analytical result more or less. This effect could be avoided if DVB was used instead of styrene as a comonomer, since the products would be almost entirely crosslinked, which could greatly lower the existing possibility of the low molecular polymer [3] .
In this work, polydivinylbenzene (PDVB) microspheres were prepared by seed swelling polymerization in the presence of tung oil methyl esters (TOM), linseed oil methyl esters (LOM) and soybean oil methyl esters (SBOM), respectively (Scheme 1). Then FTIR spectroscopy was used to characterize the polymers for investigating reactivity of the plant oil methyl esters. 
Results and discussion
Seed swelling polymerization was generally considered one of the most effective methods for the preparation of monosized polymer microspheres [15] and was applied in this work so that the prepared samples was convenient for post-treatment such as getting rid of the solvents and unreacted monomers easily by wash and extraction after the polymerization [16] . The FTIR spectra of the PDVB microspheres prepared in the presence of different addition amount of TOM, LOM and SBOM are shown in Fig. 1, Fig. 2 and Fig. 3 , respectively. As can be seen in Fig. 1 , the samples showed typical peaks at 1601, 1510, 1486 and 1450 cm -1 , ascribed to the C=C bonds in the aromatic rings. The band at 827 cm -1 was due to an out-of-plane deformation vibration of para-substituted benzene ring, and the bands at 708 and 797 cm -1 belonged to the meta-substituted one [12] . The absorption bands at 902, 989 and 1630 cm -1 were the typical peaks for unreacted vinyl groups [13, 14] . The bands at 1738 cm -1 could be attributed to C=O stretch in the carbonyl groups, the intensity of which increased with the increasing adding amount of TOM. And similar results were obtained for the samples prepared by the polymerization of DVB and LOM or SBOM, shown in Fig. 2 and Fig. 3 .
Since the bands at 708 cm -1 and 1738 cm -1 were the characteristic absorption peaks of DVB and carbonyl, respectively, A 708 /A 1738 could suggest their contents of DVB and carbonyl in the samples [12] , and then could indicate the reactivity of the plant oil methyl esters with DVB in polymerization. As shown in Fig. 4 , A 708 /A 1738 decreased with the increasing amount of every oil methyl esters, most rapidly with the amount of TOM, and most slowly with the amount of SBOM, which indicated that TOM had strongest reactivity with DVB and SBOM had weakest reactivity of the three oil methyl esters. According to the results obtained in the polymerization of styrene in the presence of the fatty esters by Harrison and Tolberg [10] , the fatty esters which had conjugated unsaturation could copolymerize with styrene; the non-conjugated polyene fatty esters behaved chiefly as chain modifiers and did not do this through chain transfer; and the saturated and mono-unsaturated esters behaved in a neutral fashion, serving as solvents for the monomer and polymer. As for the three plant oils we used in the polymerization, TOM contained a lot of conjugated unsaturated acids, LOM contained a lot of non-conjugated polyene fatty acids, and SBOM was composed of much amount of non-conjugated diene fatty acids. It could be concluded that the difference of fatty acid compositions (listed in Tab. 1) led to the different reactivity of fatty esters, which agrees with the literature [10] . These results should be helpful for us to select oils and fats for preparing functional polymers.
Experimental part

Materials
Reagent-grade styrene (Tianjin Fuchen Chemical Reagents Factory) and DVB (containing ca. 45% of ethylvinylbenzene, Zibo Jialong Chemical Technology Co.,Ltd) were used after distillation under reduced pressure. 2,2-Azobisisobutyronitrile (AIBN, Shanghai No.4 Reagent & H.V. Chemical Limited Company) was recrystallized from ethanol. Benzoylperoxide (BPO, Tianjin Yongda Reagent Development Center) was recrystallized from chloroform methanol. Tung oil, linseed oil and soybean oil were bought from Yibin Wulong Vegetable Fat Co., Ltd (Sichuan, China). TOM was prepared by the two-step esterification procedure according to the procedure described by Ramadhas et al. [15] . LOM and SOM were prepared by NaOH-catalyzed transesterification according to the procedure described by Jin et al. [17] . The fatty acid compositions of the oils are listed in Tab. 1 according to GC/MC analysis. Other materials were used without further purification. PDVB microspheres were prepared by seed swelling polymerization method according to the procedure described by Wang and Liu [18] . 1.50 g polystyrene microspheres, 3.40 g dibutyl phthalate and 300 ml of 0.25 wt. % sodium dodecyl sulfate water solution were added in a flask and stirred slowly for 24 h. Then 15.00 g DVB, 0.30 BPO and a certain amount of plant oil methyl esters were added and stirred for 24 h at 35°C, after which 60 ml 5 wt. % poly(vinyl alcohol) water solution was added. The temperature was then increased to 70 °C and polymerization was carried out for 12 h. The resulting microspheres were washed successively with hot water and ethanol 2-4 times, followed by drying in vacuum. Then the microspheres were extracted for 24 h with refluxing chloroform using a Soxhlet extractor, followed by vacuum drying.
Characterization
FTIR spectra were obtained by a Bruker FTIR Tensor 27 Spectrometer, in the following conditions: wavenumber range: 600~2000 cm -1
; resolution: 2 cm -1
. After recording, the ATR-FTIR spectra were converted into transmission FTIR spectra. For infrared quantitative analysis, absorbance (A), deduced according to Beer-Lambert law, could be computed as follows [12] :
A = log (T 0 /T)
T 0 and T were 100% transmission and measured transmittance, respectively, shown in Fig. 5 .
